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a low blood glucose and so initiates self treatment. It has been shown that about 20±35 % of insulin-treated patients, at least occasionally, lose ability of the awareness of hypoglycaemic symptoms [7, 8, 9, 10] . Therefore, impaired awareness of hypoglycaemia has important clinical impact and interferes with the aim of normoglycaemic control to prevent long-term complications of Type I diabetes. The effect of impaired awareness of hypoglycaemia on the frequency and severity of hypoglycaemic episodes in children and adolescents with diabetes is not known. The aims of the present study were to investigate the relationship between severe episodes of hypoglycaemia and impaired hypoglycaemic awareness in children and adolescents with Type I diabetes studied prospectively and to establish clinical predictors of severe hypoglycaemic events without warning symptoms.
Subjects and methods
Patients. Patients having Type I diabetes for more than 1 year, not older than 18 years and who agreed to participate in a close follow up for 1 year were included in this study. Patients with autonomic neuropathy (assessed by cardiovascular tests) were excluded (11) but no other exclusion criteria were used. The prospective study from February 1996 to March 1997 was completed by 130 patients (aged 3 to 17 years). They represented 76 % of the diabetic children seen in our clinic during the study period. All patients were treated with combinations of short and intermediate acting human insulin injected two to five times daily. Pre-school children were treated mainly with a twice daily insulin regimen. The majority of older children, especially pubertal patients, were treated using a multiple insulin injection regimen. Patients and parents had undergone standard diabetes education, including the recognition and treatment of hypoglycaemia. All parents and children were encouraged to achieve optimal metabolic control by the diabetes care team. Parents and patients routinely adjusted insulin according to home glucose levels to allow for exercise patterns and food intake. All subjects and their parents gave their informed consent, and the study was approved by the regional ethics committee.
Classification of awareness of hypoglycaemia. At baseline of the study, patients and parents were interviewed using a structured questionnaire about hypoglycaemic episodes during the preceding year, how frequently these had occurred, which symptoms were usually experienced and whether they were aware of the onset of symptoms of hypoglycaemia. The patients were not informed of a specific interest in hypoglycaemia unawareness. Patients were categorised into two groups according to their state of awareness of the onset of hypoglycaemia. Those patients who were always aware of the onset of their hypoglycaemic episodes were classified as having normal awareness. Those who were aware of some episodes but not others or who were never able to recognise any episodes of hypoglycaemia were classified as having impaired awareness (Table 1). Hypoglycaemia awareness was defined by clinical history criteria rather than by the response to experimental hypoglycaemia induced in a laboratory setting, as this was considered to be more relevant to the hypoglycaemia experienced during daily life and takes into account the patient's subjective reality. To validate the questionnaire, the accuracy of allocation of patients on historical grounds to each of the groups was assessed by a linear analogue scale of 1 to 7 (1 = never aware and 7 = always aware of the onset of hypoglycaemia). The group of patients that reported impaired awareness of hypoglycaemia estimated their awareness on the linear analogue scale significantly lower than the group of patients with normal awareness. There were no significant differences between the two groups regarding clinical characteristics (Table 1) .
Protocol. Data were collected prospectively over a 1-year period. Children and parents were asked to record any hypoglycaemic episodes when they occurred, along with details of the event in a standardised data collection form. Patients were requested to come to the clinic or contact the physician immediately in the event of severe hypoglycaemia. Patients were seen in clinic every 6 to 12 weeks and over the 1-year study, all patients attended a minimum of four visits per year. At each clinic attendance, a detailed history was obtained by the physician about any episode of hypoglycaemia since the previous visit. The patients were questioned about warning symptoms and signs and the circumstances of the event. The mode of treatment was also recorded. In addition, the number of total blood glucose determinations and results with a blood glucose level 3.3 mmol/l or less (biochemical hypoglycaemia) were also counted in the daily diabetes notebooks. Patients with impaired awareness of hypoglycaemia were compared with the group of patients with normal hypoglycaemia awareness. Comparisons between the groups were made by clinical and biochemical characteristics and by the occurrence of hypoglycaemic episodes during the study period. Furthermore, possible risk factors for severe episodes without warning symptoms were analysed.
Definition of hypoglycaemia. A hypoglycaemic event was defined as an episode which was accompanied by typical common symptoms of hypoglycaemia and which was corrected by oral carbohydrate, parenteral glucose or glucagon therapy, irrespective of whether hypoglycaemia had been demonstrated by blood glucose measurement. Severe hypoglycaemia was defined as any event requiring the assistance of another person for treatment; all other episodes were considered to be mild. Episodes of asymptomatic blood glucose level 3.3 mmol/l or less, identified by the random blood glucose monitoring dia- Statistical analysis. Clinical characteristics of study groups are given as means ± SD or number (%). Student's t-test was used for unpaired samples. Data that were not normally distributed were analysed using Wilcoxon rank sum test. Fisher's exact test was used to assess association between categorical variables. Multiple logistic regression analysis was applied for discrete binary variables and odds ratios (OR) with 95 % confidence intervals (95 % CI) were calculated. P value less than 5 % was considered statistically significant.
Results
Clinical characteristics of study groups with impaired and normal awareness are shown in Tables 1 and 2 . There were no significant differences between the two groups regarding treatment modalities, pattern of home blood glucose monitoring and level of glycaemia either at baseline or during the follow-up period. Of the patients 16 (33.3 %) in the impaired awareness group as compared with 12 (14.6 %) in the normal awareness group experienced at least one episode of severe hypoglycaemia in 1 year (p = 0.0156). Five (10.4 %) patients in the group with impaired awareness and one (1.2 %) patient in the group with normal awareness had one or more episodes of coma or seizure in 1 year (p = 0.0256).
During the 1-year study, a total of 50 severe hypoglycaemic episodes and 8 episodes of coma or seizure were recorded. Thus, the overall incidence of all severe episodes was 38.5 per 100 patient-years and of coma or seizure was 6.2 per 100 patient-years. As shown in Figure 1 , the rate of severe hypoglycaemia was significantly higher in the group with impaired awareness than in the group with normal awareness: 30 and 20 episodes were registered in the two groups, (62.5 vs 24.4 episodes per 100 patient-years, p < 0.0001). Similarly, seven episodes compared with one episode of a coma or seizure were observed in the groups with impaired and normal awareness, respectively (14.6 vs 1.2 episodes per 100 patient-years, p = 0.0020). The frequency of mild hypoglycaemic episodes was similar in the two study groups (402.1 vs 390.2 episodes per 100 patient-years, NS). Overall, the majority of severe hypoglycaemic episodes occurred during awake periods and a similar proportion of episodes occurred in both groups during sleeping periods (5/30 vs 3/20, NS). Over the 1-year period, 17 of 50 (34.0 %) severe hypoglycaemic episodes developed without warning symptoms or signs. Patients with impaired awareness experienced more severe episodes without warning symptoms than those with normal awareness (15/30 vs 2/20, p = 0.0054). In the group with impaired awareness, young diabetic children ( £ 6 years) experienced more episodes of severe hypoglycaemia (114.3 vs 53.7 episodes per 100 patient-years, p = 0.0041) and coma or seizure (57.1 vs 7.3 episodes per 100 patient-years, p = 0.0003) than older patients ( Fig. 2 and 3) .
When the blood glucose control prior to the severe episodes was analysed (Table 3) , a significantly higher percentage of episodes with values of 3.3 mmol/l or less was observed in the preceding month without warning symptoms compared with those that occurred with warning symptoms. Mean blood glucose concentration of the preceding month and the closest HbA 1c did not differ significantly. Using multiple logistic regression analysis, impaired awareness of hypoglycaemia reported at baseline, age 6 years or less, a severe episode within one month prior to the event and more than 5 % of home blood glucose readings 3.3 mmol/l or less in the preceding month proved to 
Discussion
In our prospective study the incidence of severe hypoglycaemic episodes, defined as any event requiring external assistance with treatment, was 38.5 per 100 patient-years. This is lower than the frequency observed in adolescents treated intensively (85.7 per 100 patient-years) but higher than the rate reported in those treated conventionally (27.8 per 100 patientyears) in the DCCT study [2] . The incidence of 6.2 per 100 patient-years for episodes of coma or seizure in our study is lower than that reported by the DCCT study which was 26.7 and 9.7 per 100 patientyears in the intensive and conventional groups, respectively [2] . These differences could be due to differences in age and treatment modalities but comparison is difficult as patient selection was also different. In a recent prospective study from Western Australia, the rate of all episodes of significant hypoglycaemia in diabetic children and adolescents, defined as events requiring the assistance from another person for treatment, was 17.9 per 100 patient-years and the rate of episodes of coma or convulsion was 4.8 per 100 patient-years [12] . These rates are lower than corresponding rates observed in our study, which could be due to the less extensive use of multiple insulin injection regimen in the Australian study. There is no paediatric data available with which to compare our present findings of the relationship between hypoglycaemia awareness and rate of severe hypoglycaemia. In adult Type I diabetic patients, Gold et al. [13] demonstrated that impaired hypoglycaemia awareness predisposes to a sixfold increase in the frequency of severe hypoglycaemia defined as any episode requiring external assistance. It is difficult, however, to extrapolate the findings of studies on adult patients to younger subjects because of the differences in treatment regimens, in behaviour and in responses to hypoglycaemia between adults and children [14, 15, 16] . In our study, the rate of all severe hypoglycaemia was three times higher in patients with impaired awareness than in those with normal awareness. When episodes with coma or seizure were analysed separately, impaired awareness was associated with a 15-fold increase in the rate. Therefore, our data indicate that children and adolescents with diabetes and impaired awareness are at an extreme risk of the most severe hypoglycaemic attacks. The diabetic patient's best defence against hypoglycaemia severe enough to cause temporary loss of cognitive function, confusion, and coma is subjective awareness of a falling blood glucose concentration at a time when appropriate remedial action can be taken. Hypoglycaemia without warning symptoms has been known for a long time [17] . Impaired awareness of hypoglycaemia affects a considerable proportion of patients with Type I diabetes [9] and is a dangerous complication which limits the use of intensified insulin therapy to reduce chronic diabetic complications. The cause of impaired awareness is not clear, although it seems that it is multifactorial in origin [18] . The major risk factors for the phenomenon are longer duration of diabetes, a history of recurrent severe hypoglycaemia and intensive diabetes management [9, 19, 20] . Some data indicate that autonomic neuropathy could be one of the causes [21, 22, 23] , but this may not be the whole explanation. Additional potential mechanisms include decreased responsiveness to autonomic activation and decreased perception of both autonomic and neuroglycopenic symptoms [24, 25] . Recent attention has focused on the role of the central nervous system glucoregulatory mechanisms [26, 27] . The major defect is a lowering of the glucose level at which the various responses to hypoglycaemia, including warning autonomic symptoms, begin [28] . This maladaptation of the glucoregulatory centre can be the result of enhanced brain glucose uptake induced by antecedent hypoglycaemia or tight glycaemic control [29] . In our present study, recent episodes of severe hypoglycaemia and frequent biochemical hypoglycaemias prior to the event were independent risk factors for the development of severe episodes without warning symptoms which support the hypothesis that previous hypoglycaemic experience can contribute to a shift of the hypoglycaemic threshold towards lower blood glucose levels. Recent studies show that responses of hypoglycaemia in subjects with impaired awareness can be restored by adjusting treatment regimens with the aim of avoiding all episodes of even mild hypoglycaemia in daily life [30, 31] . Whether the change in target blood glucose level or avoiding home glucose levels of 3.3 mmol/l or less would be successful in preventing subsequent hypoglycaemic events without warning symptoms in children and adolescents is not known at present and further studies are necessary to answer this question.
Severe hypoglycaemia, in which blood glucose concentrations fall so low that cognitive function is impaired, is a dangerous complication of insulin use affecting many children with Type I diabetes [3, 32] . A severe episode of hypoglycaemia is generated by a series of complex biological, psychological, and behavioural processes [33] . Although, studies on the effect of recurrent episodes of hypoglycaemia on cortical function in adult subjects are inconclusive [1, 34] , the finding that younger diabetic children (aged £ 6 years) with impaired awareness have a substantially higher rate of severe hypoglycaemia than older counterparts is of concern, since this age group may be more susceptible to the adverse effects of neuroglycopenia [3, 4, 5, 6] . On the other hand, young age proved to be an independent predictor for a severe episode without warning symptoms. A very recent prospective study on a large cohort of children and adolescents with Type I diabetes indicates that younger children are generally at increased risk of severe hypoglycaemia [12] . In addition, Beregszµszi et al. [35] demonstrated that younger age is an independent risk factor for nocturnal hypoglycaemia in diabetic children. In children with diabetes, neuroglycopenic symptoms cosegregate with autonomic symptoms and the children may not experience or be able to express autonomic symptoms to the same degree as adults [16] . Although, it is known that very loose metabolic control has deleterious effects on complications and can impair linear growth, the above data underline the concept that tight control should be undertaken with extreme caution in young children with diabetes [36, 37] .
In conclusion, impairment in hypoglycaemic symptom awareness is a frequent phenomenon in children and adolescents with Type I diabetes: one third of severe episodes develop without warning symptoms and signs. Loss of awareness of hypoglycaemia promotes susceptibility to the most severe and damaging episodes of neuroglycopenia in children and adolescents. Impaired awareness reported, young age, recent biochemical and severe hypoglycaemias are independent risk factors for severe episodes without warning symptoms and signs. Thus, more caution is needed in setting target blood glucose control in pre-school children with diabetes and avoidance of hypoglycaemia should be a priority in this age group.
